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@ Method and kit for detecting a nucleic add sequence. 

(g) Nucleic acid sequences are detected by a multi-step 
process, involving labeling sample nucleic acid sequences, 
duplexing the labeled sample with a probe having a coupling 
element, Immobilizing ail of the duplexed probe and target 
sequence and unduptexed probe, separating specifically immo- 
bilized nucleic acid from free and non-specifically immobilized 
nucleic acid, releasing specifically Immobilized nucleic acid, and 
detecting the presence of the sequence of Interest by means of 
the label. The labeled sequence may be characterized by sizing, 
e.g. electrophoresis. The method provide for a sensitive and 
rapid means for accurate detection of sequence of interest in a 
wide variety of situations. 
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D scrlption 

METHOD AND KIT FOR DETECTING A NUCLEIC ACID SEQUENCE 

The present invention is cone rned with the detection of nucleic acid sequences employing probes for high 
sensitivity. 

5 Today, biology is in many ways the science of proteins and nucleic acids. Nucleic acids are found in ail living 
matter. For each species or host, unique sequences exist providing for the genotype and phenotype of that 
particular host. Thus, one can use the presence of a particular sequence as indicative of the particular strain or 
species. In many instances, a number of strains will share a common sequence as distinct from other strains or 
species, so that one can not only detect a particular strain but, if desired, can detect subspecies, species or 
10 genera. In addition, one can distinguish between RNA or DNA so as to determine whether a particular gene is 
being expressed, the existence of one or more alleles, the level of expression, and the like. Where cells, such 
as B-cells and T-cells, are involved with genomic rearrangements, one can detect the presence or absence of 
such rearrangements by employing probes. Thus, the detection of particular nucleic acid sequences is a 
powerful tool in the diagnosis of disease states, the presence of sets or subsets of cells, the particular strain or 
15 species of a pathogen, such as a bacterium, protista, or virus, or the like. 

The detection and isolation of sequences is also important in the field of molecular biology. Thus, the use of 
probes allows for detection of a variety of sequences of interest, including structural genes, regulatory 
sequences, introns, exons, leader sequences, both translated and untranslated, and the like. 
There is also substantial interest in detecting sequences in genetic engineering. Monitoring levels of 
20 transcription, detecting the integrity of constructs, monitoring levels of mutation, resection, or the like provide 
opportunities for nucleic acid screening and detection. 

In many instances, the sequence of interest may be present as onty a very small fraction of the total amount 
of nucleic acid, and/or in very small amount, e.g. attomole levels. Furthermore, the sequence of interest may 
be accompanied by a number of sequences having substantial homology to the sequence of interest Thus, 
25 relatively high stringencies may be required to ensure the absence of unwanted heteroduplexing, which may 
further limit the available concentration of the sequence of interest. 

Additionally, the same or similar sequences may appear on nucleic acid fragments of different size and the 
appearance of a sequence on a particular size fragment may be correlated to the presence of a particular 
phenotype. The usual procedure for such analyses, a Southern blot. Is performed often but has certain 
30 inherent problems. Many manual manipulations are required including handling of fragile gels and membranes 
during the blotting step. Hybridization In a Southern blot occurs on filters which can slow down reaction rates, 
be sources of high background, and require large volumes of probe solutions (often highly radioactive) and 
large wash volumes. 

There is also interest in developing analytical systems which can be automated, so as to minimize the time 

35 and energy required from technicians, as well as minimizing errors which may result from manual manipulation. 
Other considerations include the ability to provide a sample which allows for size determination, particularly for 
ease of detection of bands in conjunction with standards. 

EPA 0 237 833 describes a solution phase hybridization assay. Southern. J. Mol. Biol. (1975) 98:503-517 
describes the original method for hybridization analysis of restriction fragments that have been transferred to 

40 filters. Manning, etaj., Biochemistry (1977) 16:1 364-1370 describe a method for gene enrichment based on the 
avidin-biotin interaction. Thompson, BloChromatography (1987) 2:68-79 describes the use of high 
performance liquid chromatography for separation of nucleic acid fragments. Jones et al ., Gene (1985) 
39:77-83 describe electrophoretic separation and subsequent detection of RNA:DNA hybrids. Persons and 
Finn, BioTechniques (1986) 4:404-406 describe an immunoadsorption procedure to analyze low abundance 

45 polypeptides. Kempe eta! ., Nucl. Acids. Res. (1985) 13:45-57 describe biotinylated oligonucleotides linked to 
DNA fragments by a ligase. Gamper et al ., Nucl. Acids Res. (1985) 14:9943-9954, employs a 
psoralen-functionalized oligomer as a probe which labels target DNA when hybridization and photochemical 
cross-linking occur. Zapolskl etaL Electrophoresis (1987) 8:255-261 discuss a robotic system for automating 
Southern-type nucleic acid hybridization analysis. Goldkorn and Prockop, Nucl. Acids Res. (1986) 

50 14:9171-9191 describe techniques for covalent attachment of DNA probes to celluloslc supports for 
hybridization-restriction analysis. Syvanen etal., Nucl. Acids Res. (1986) 14:5037-5048 quantify nucleic acid 
hybrids by affinity-based hybrid collection. Forster etal., Nucl. Acids Res. (1985) 13:745-761 covalently label 
nucleic acids with biotin photochemically. Blakesfey and Thompson, PCT/US84/00508 (WO 85/04674) discuss 
novel techniques for immobilization of nucleic acids. Gamper etal., Nucleic Acids Res . (1986) 14:9943-9954 

55 describes a reverse Southern hybridization. Honigberg etal., Proc. Natl. Acad. Scl . USA (1986) 83:9586-9590 
describes the use of recA protein to search for rare sequences of duplex DNA. 

Nucleic acid sequences are detected and sized by employing a probe having a solid support linking element. 
A nucleic acid sampl is lab led and th labeled chains may be c nveniently pr vided in single-stranded f rm 
and hybridized with th probe. Duplexes and excess probe ar separated by means of a s lid entity, providing 

60 a liquid phase which may b retained and used for further assays, and a solid phase with which the duplex 
sample may be detected, isolated and sized, e.g. electr ph retically. 

In an alternative c nfigurati n, a probe is combined with recA pr tein follow d by sequence-specific 
complex formati n with labeled targ t sequences. Complexes and excess pr be are then employed as 
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described above. 

Methods and comp sitfons are provid d for detecting the presence of a nucleic acid sequence In a sample. 
The method involves employing a detection ntlty and a coupling entity, where the sample nucleic acid is 
labeled with a detection entity and the coupling entity is bound to the prob . Complex d sample nucieic acid 
and probe are separated from uncomplexed sample nucleic acid by means f a solid c mponent. The duplex s 
of sample nucieic acid and probe may then b separat d from the solid component (by chemical cleavag or 
denaturation) and the lab led sample nucleic acid manipulated as desir d, .g. sized and detected. 

The source of the sample may be any material or substance comprising nucieic acid. The nucleic acid need 
not be a naturally occurring nucleic acid, but may be synthesized chemically, enzymatically, or biologically and 
may have other than naturally occurring purines and pyrimidines. The sample source may be cellular or 10 
non-cellular, may be a clinical sample or isolate, may be derived from such physiological media as blood, 
serum, plasma, stool, pus, scrapings, washings, urine, or the like; may be associated with a set or subset of 
cells, such as neoplastic cells, lymphocytes, e.g. T-ceils or B-cells, monocytes, neutrophils, etc.; pathogens, 
including viruses, bacteria, mycoplasma, fungi, protozoa, etc.; may include constructs, involving plasmids, 
viruses or DNA or RNA fragments, or the like. The nucleic acid sample may involve DNA, which may be 15 
chromosomal or extrachromosomal, e.g. plasmids, viruses, synthetic constructs, etc. or RNA, such as 
messenger RNA, transfer RNA, ribosomaJ RNA, viruses, or the like. The nucleic acid sequences may involve 
structural genes, untranslated regions, regulatory regions, introns, exons, or the like. 

The detection may be for a wide variety of purposes. Detection may Involve diagnosis of a diseased state in 
plant or animal species, such as neoplasia or other aberrant cellular state, the detection of sets or subsets of 20 
ceils, such as lymphocytes at various stages of differentiation, the detection of strains or species of 
pathogens, the monitoring of genetic engineering, or the like. Prior to use of the sample in the subject 
invention, the sample may have been subjected to a variety of chemical or physical treatments, such as 
proteolysis, extraction, precipita tion, separation of nucleic acid from other components, such as lipids, 
proteins, or the like, hydrolysis of RNA, inactivation of nucleases, concentration, chromatography, 25 
dehydration, heating, etc. The sample may be manipulated for a variety of reasons, such as removal of 
interfering materials, preparation for storage or shipment, concentration, or the like. 

In many instances, particularly where the sample involves large nucleic acid molecules, the composition will 
normally be subjected to fragmentation, particularly employing restriction enzymes. One or more restriction 
enzymes may be employed where, depending upon the nature of the sample, fragments may be provided 30 
varying from 50bp to lOOkbp, more usually from about 0.5 to 25kbp. Various restriction enzymes may be used 
resulting in the formation of flush or sticky ends. In some situations, the presence of sticky ends may be 
desired as a specific site for linking. 

In some instances, the sample may involve the reverse transcription product of messenger RNA, where the 
mixture may be relatively small sequences of DNA and RNA. If desired, the RNA may be hydrolyzed, leaving 35 
only the DNA sequences. In this manner, one would have a composition of solely single-stranded DNA. 

Once the sample has been pre-prepared, it is now ready for labeling. Labeling can be achieved in a wide 
variety of ways. While the particular manner of labeling is not critical, and will depend upon a number of 
considerations, there are preferred techniques because of efficiency, sensitivity, economics and the like. One 
consideration will be the sensitivity of detection employing the label, the manner in which the nucleic acid 40 
sequence is to be subsequently treated or analyzed, and the like. 

The chains may be extended by various techniques, depending to some degree on whether the chains are 
single- or double-stranded. The chains may be extended at the 3'-termini by using terminal deoxytransferase, 
where the additional nucleotides may be labeled in a variety of ways, for example by using radioactively labeled 
nucleotides or nucleotides labeled by other moieties. 45 

With double-stranded DNA, various molecules may be employed having complementary ends, e.g. short 
double-stranded sequences, particularly with cohesive ends either produced by restriction enzymes or 
identical to such ends, e.g., blunt, so as to link to a double-strand and label either one or both strands. By 
employing excesses of the labeling moiety, ligation of the sample DNA may be minimized. In particular, the use 
of llgating enzymes such as T4 DNA ligase may be extremely desirable. As in the particular example sttown 50 
below, two oligonucleotides are synthesized, at least one of which contains the label, here a dye, to be added 
to the nucleic acid samples. The restriction enzyme Hindlll has been used in this example to produce 
fragments with a 5' protruding sticky end. 



60 



65 



EP 0322311 A2 



Ligation Point 



dye 5 f TC CCA GTC ACG ACG TTG T/ AGCT T 3' 



5 3' GGT CAG TGC TGC AAC A TCGA 



A • • • • 5 



1 1 l 

Synthetic oligonucleotides | 
10 Fragment being labeled 



15 The oligonucleotides shown are synthesized so as to have sequences complementary to each other and, 
when hybridized to each other, to have a protruding end complementary to a sticky end of the sample nucleic 
acid fragment to be labeled. The synthesized oligonucleotides when hybridized to each other may have a 5' 
protruding end or a 3' protruding end as appropriate for a particular restriction enzyme cut site. Altema tively, 
the synthesized oligonucleotides may have a flush end when hybridized to each other to enable ligation to a 

20 flush ended fragment. In any case, when a ligating enzyme is added, the labeled oligonucleotide becomes 
covalently attached to the sample nucleic acid fragment. Furthermore, it should be noted that the synthetic 
oligonucleotides will not ligate to each other because no 5' phosphates are present on the synthetic pieces. 

The sequence of the oligonucleotides shown in the example above was chosen so that after correct ligation 
occurs the recognition sequence of the enzyme is destroyed. This choice provides a unique advantage In 

25 using ligation labeling: if the cognizant restriction enzyme is present and operational during ligation, then any 
ligation of sample nucleic acid to itself will be re-cut. This property yields two significant advantages: first, 
restriction activity and ligation labeling can occur simultaneously in the same vessel thus minimizing handling 
and manipulations; second, a large molar excess of the labeling moiety is no longer needed to prevent sample 
nucleic acid from being ligated to itself. The labeling example shown can be generalized to any restriction 

30 enzyme where synthetic oligonucleotides that can be ligated into a restriction enzyme cut site to contain a 
sequence that destroys the recognition site of the enzyme. Such a sequence may involve a base change, e.g., 
from cytosine to thymidine, or perhaps substitution of a derivatized base like 5-methylcytosine, or by 
substitution of an analog like inosine. 
In all examples above and below where restriction enzymes are used for cutting nucleic acid strands at 

35 defined recognition sequences, the use of sequence specific DNA cleaving molecules such as natural product 
analogs, metal ion complexes, peptide fragments, etc. is also possible, e.g. Moser and Dervan, Science (1987) 
. 238:645-650, and Sluka et al ., Science (1987) 238:11291132. 

Kinases may be employed for phosphorylation where the phosphate group can be detected, e.g. by 
radioactivity. 

40 Aikylation, e.g. methylation may be employed, where the methyl group is radioactive. 

Light activated molecules which may react with individual strands may be employed. Illustrative molecules 
include psoralens, phenyldiazonium bisulfite, phenylazides, or the like. 

DNA may be extended with a ribonucleotide, where the ribonucleotide may then be oxidized to provide an 
aldehyde functionality for coupling to another molecule. Conveniently, the aldehyde may be coupled with an 

45 amino-containing moiety under reductive amination conditions. 

The labeling need not be direct but may be indirect That is, the nucleic acid sequence may be modified with 
a molecule which may then bind to a second molecule which will provide for a detectable signal. For example, 
the nucleic acid sequence may be modified with biotin, where subsequently the nucleic acid sequence may be 
combined with avldin or streptavfdin to which various detectable labels may be conjugated. Alternatively, 

50 various ligands may be used other than biotin in conjunction with their naturally occurring receptors or 
immunoglobulins specific for the ligand. 

A wide variety of detectable labels may be used, particularly those which allow for convenient detection. The 
detection may be as a result of electromagnetic radiation, such as radioactivity, light absorption in the 
ultraviolet or visible range, fluorescence, or chemiluminescence, enzymes which produce a detectable 

55 product or destroy a detectable substrate, stable free radicals, or the like. The various molecules providing for 
these properties may be joined to the sequence in accordance with conventional ways, either directly or 
indirectly, depending upon the particular manner of labeling. 

As labels, various radioactive elements may be employed, such as 32 P, 127 l, 14 C 3 H, 35 S; fluoresces, such 
as fluorescein, rhodamine, phycobili protein, rare earth chelates, derivatives thereof, etc., where the 

60 fluorescers may be individual molecules or joined in tandem to a nucleic acid or non-(nucieic acid) backbone; 
enzymes such as h rseradish peroxidas , by its If or in c njunction with glucose oxidase, urea oxidase, 
alkaline phosphatase, glucose-6-ph sphate dehydr genase, r the like, usually mpl ylng enzymes which 
react with a substrat t pr vide a flu r sc nt or light absorbing product; ligand-recept r pairs, such as 
biotin-avidin or streptavidin; as well as any other label which provides for detection and can be us d In the 

65 subject invention. 
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Illustrative examples may Include extending a DNA chain with a biotinyl substituted nucleotide, ,g. 
Bio-11-dUTP (Enzo Biochem, Inc., New York, New York), employing terminal deoxytransferase. The labeled 
chain would then be used In subsequent st ps. For detection, avidin c njugated with a detectable label would 
be added, non-specifically b und avidin washed away, and the detectable label detected. Great amplification 
would be achieved by extending the chains with a plurality f bi tinylated nude tides. In some instances he 5 
might wish to separate the biotinylated nucleotides in the chain by mpl ying a mixture Including natural 
nucleotides. 

Another alternative would extend a DNA chain with a ribonucleic acid employing a ligase. The resulting 
single strands may then be oxidized with perlodate to produce a dialdehyde. The dialdehyde may be 
condensed with a phycoerythrin monomer or polymer to provide a fluorescent label. Alternatively, one might 10 
use nick translation or random priming with DNA polymerase to introduce a radioactive label. One might also 
use the polymerase chain reaction scheme (SaiW eUL, Science (1985) 230:1350) to incorporate a radioactive 
or non-radioactive label on the primers or the incorporated nucleotides. For methods of labeling a nucleic acid 
sequence, see for example, Maniatis etal., Molecular Cloning, pp 109-132, Cold Spring Harbor Laboratory 
Cold Spring Harbor, NY (1982). 15 

While for the most part, the labeled sample will be denatured to provide single-stranded DNA for contacting 
with the probe, labeled double-stranded DNA may also be employed by combining a probe, as described 
below, with arecA protein, e.g. E. coll recA (Honigberg etaj., Proc. Natl. Acad. Sci. USA (1986) 83:9586-9590) 
and Rigas eta[., Proc. Natl. Acad. Sci. USA (1986) 83:9591-9595. In Honigberg etal., supra , the recA protein is 
incubated with the probe in ATP containing (0.5-2.5mM) buffered medium, pH 7-8, also containing an 20 
ATP-regenerating system, e.g., phospho-creatine and creatine kinase. The dsDNA and probe-recA complex 
are then combined and the magnesium chloride composition increased about 10-fold. In Rigas et al ., the 
ATP-regenerating system was not utilized. The resulting duplexes may then be treated in the same wayas the 
procedure with the single-stranded nucleic acid sample discussed below. The use of recA thus provides a 
means to pull out fragments of double-stranded DNA containing a sequence complementary to that of the 25 
probe without the need to denature the target DNA fragments. 

Except as indicated above, the labeled denatured nucleic acid sample will be combined with the probe. The 
probe may be ds or ss DNA, RNA, or any other natural or synthesized nucleic acid and may be synthesized 
organically, enzymatlcally or biologi cally. The probe will comprise a sequence of interest for hybridizing, either 
homo- or heteroduplexing to the sample sequence of interest. Alternatively, the probe could be a non-hucleic 30 
acid molecule which recognizes a specific sequence, such as an antibody or a specific DNA binding protein, 
e.g. repressor, inducer, restriction enzyme, etc. See Dervan, Science (1986) 232: 464-471. In addition, the 
probe will have a linking element for linking the probe to a solid entity, both the probe by itself or duplexed to a 
labeled sample chain. The linking element may take the form of a ligand or epitope which binds to an antibody 
or a specific receptor, a chemically reactive species, such as maleimido, which may react with a mercapto 35 
group to form a thioether, phenolic groups, which may react with diazo functionalities, aldehyde groups, which 
may react with amino functionalities, particularly under reductive animation conditions, or the like. The linking 
element could also, for example, be a nucleotide sequence that binds to its complementary sequence that is 
bound to the support. The particular manner in which the probe Is linked to the solid entity is not critical, so 
long as it maintains its integrity under the subsequent conditions and does not interfere with the various 40 
stages. The binding may be covalent or non-covalent as is convenient and may, if desired, involve a 
concatenation of bindings, e.g. solid entity to biotin to avidin to biotin to probe or solid entity to avidin to biotin 
to recA to probe. 

Various combinations of receptor and ligand may be employed, such as biotin with avidin or streptavidin, 
antibody with a hapten or antigen, a surface membrane or cytoplasm receptor with a hormone, enzyme and 45 
substrate or modified substrate, e.g., suicide inhibitor, lectin and sugar, chelate and ion, e.g., metal ion. 

The probe may be prepared by any conventional technique. The probes will be synthesized and labeled 
employing the nick translation, ligation, or random priming methods discussed above or by using any of the 
commercially available nucleic acid synthesizers. Therefore, one can introduce at either terminus or along the 
chain, one or more groups for linking. For example, one could leave the terminal trityl group to serve as a ligand 50 
for an antibody. An RNA could be added and cleaved as previously described. A biotinylated nucleotide could 
be incorporated in the chain at either terminus or along the chain, resulting In a probe having one or more 
biotins. 

The probe will usually have at least 8nt, more usually at least 10nt, preferably at least about I2nt and may be 
10knt (kilonucleotides) or more, usually less than about 2knt. The size of the probe will vary with the nature of 55 
the target sequences, amount of target sequence In the sample, and the conditions employed in the detection 
process. 

The probe and sample will be combined together under appropriate conditions of stringency to allow for 
proper selection of complementary sequences. Various media may be employed, such as aqueous salt 
solutions, mixed solutions of water and polar organic solvents, e.g. dimethylformamlde, or the like. Elevated 60 
temperatures may be employed, usually not exceeding about 110°C for denaturation. and 80° C for 
hybridization. Salt concentrations will generally not exceed about 4.0M. The stringency may also be c ntrolled 
bythepHofth solutions u ed. The stringency may be pr videdinthes lution for contacting th pr be with 
the sample or may b pr vid d in subs quent washings, n and/ or ff th solid ntity. Addition f unlabeled 
carrl r DNA r p lym rs such as poly thylene glycol, heparin, d xtran sulfate, etc. may be desirable t r duce 65 



5 



EP 0 322 311 A2 



binding that occurs without proper sequence homology or to accelerat reacti n rates. 

The duplexed probe and any unreacted probe may now be linked by means of a linking group to a separation 
means comprising a solid entity. The solid entity may take any f a number f convenient forms. The solid entity 
may conveniently b particles, naturally occurring r synthetic, e.g. polymeric particles, comprised f agarose, 
5 cellulose, Sephadex, Sepharose, polyacrylate, p lystyrene, hydrophilic p lymer, controlled pore glass, nylon, 
hydroxyethy! methacrylate (HEMA) etc., where the various supports will be functionallzed In accordance with 
the nature of the linking element of the probe. The particles will generally be of a size in the range of about O.Sp, 
to 100m- Conveniently, the particles may be paramagnetic, so as to allow for separation by magnetic means. 
Where the particles are not paramagnetic, centrifugation, filtration, extraction into or between immiscible 
10 phases, electrophoretic separation, any combination of means such as centrifugation plus filtration, or other 
separation means may be employed. Alternatively, the solid entity may be one of any of a variety of containers, 
such as microtiter plate wells, microfuge tubes, microfuge tubes with Integral filters, filters with absorbent 
pads, capillaries, columns, or the like, or combinations of solid supports. The support may be a derivatized or 
derivatizable surfaces or membranes, e.g. glass; nitrocellulose; derivatized nylon, e.g. Biodyne®, PallCorp., 
15 Glen Cove, N.Y.; derivatized cellulosic polymer, e.g. Memtest®, Memtek Corp., Blllerica, MA; or derivatized 
polyvinylidene dlfluoride, e.g. Immobilon, Millipore, Bedford, MA, or Pall Immunoaffinity® Membrane. Pall 
Corp., Glen Cove, N.Y., etc. Depending upon the nature of the solid entity, the medium will be contacted with 
the solid entity to provide for binding of the linking element to the solid entity. With particles, the medium may 
be agitated with the particles, followed by separation of the particles to produce a liquid phase supernatant 

20 and a solid particle phase. With various containers, the medium may be introduced into the container, agitated 
and the supernatant removed from the container. With columns or tubes, the medium may be introduced into 
the column or tube, contact maintained for sufficient time for a reaction to occur, and the liquid phase expelled. 
Using membranes or surfaces, the medium may be passed through or along the membrane or surface to 
permit reaction to occur and to remove unreacted species. Again, the addition of unlabeled DNA may be 

25 desirable to block binding that occurs without proper sequence homology. 

The solid entity may then be treated to remove non-specific binding of labeled nucleic acid. The washings 
may be any of a variety of solutions which should not interfere significantly with the retention of the probe and 
homologous duplex on the solid entity. Thus, various aqueous buffered solutions may be employed, generally 
having salt concentrations below about 1.0M, pHs in the range of about 13 to 5, and at temperatures in the 

30 range about of 80° C to 20° C. Times may vary from a few seconds to 1 hour or more. After non-specificaliy 
bound or heteroduplexed (partially complementary) labeled nucleic acid has been removed, the presence of 
labeled nucleic acid on the solid entity may be detected as demonstrative of the presence of a sequence 
complementary to the probe being present In the sample medium. At this point In the method, the labeled 
sample nucleic acid bound to the support should '--e substantially free of any unincorporated labeling 

35 molecules. 

In the next step, the specifically bound labeled nucleic acid fragments are eluted from the support prior to 
detection. This adds yet another level of specificity to the entire process so that only the nucleic acid 
fragments of the desired homology to the probe are detected. Elution methods are utilized that selectively 
release only those labeled nucleic acids bound to the support through the probe and Its linking element. 

40 Most commonly, the labeled sample nucleic acid may be separated from the support and the probe by 
denaturation. Salt concentrations during this denaturation and elution process will usually be less than about 
0.2 M. For efficient elution, the pH will usually be higher than 10, preferably from about 12 to 13, achieved 
through the use of NaOH solutions, greater than 10 mM, usually about 50-200 mM and generally less than 
about 300 mM in NaOH; other bases such as KOH or guanidine can also be used. Elutions may also be 

45 achieved with the use of formamide, typically between 90 and 1000/o, usually about 99<>/d. Elutions can also be 
achieved or enhanced through denaturation by the use of elevated temperature, independently or in 
combination with other techniques for denaturation mentioned above. Such elevated temperatures should 
usually be at least 60° C, depending on the length of the probe, rf temperature alone is used. Lower 
temperatures may suffice ff chemical denaturants are used at the same time. Should the linking element be a 

50 nucleic acid, similar means would be used to release labeled target from the support. 

Alternatively, the use of chemically cleavabie linkages to the solid entity would permit separation of the 
probe-target complex from the solid entity using the appropriate cleaving agent (see, for example, Herman et 
aj., Analytical Biochem. (1986) 156:48-55). Elution may also be achieved through the use of conditions that 
disrupt ligand receptor interactions, e.g., by the introduction of denaturing conditions such as 100 mM NaOH 

55 at an elevated temperature of at least 40° C or by flooding the system with a compound that competes with the 
ligand labeled probe for the ligand binding site. As another alternative, changing ion concentrations may result 
in the release of a protein DNA complex (see Honigberg etah, supra ). Still another alternative will allow the use 
of reagents such as glyoxal which chemically modifies DNA or RNA in such a fashion as to break up and 
prevent the complementary binding of two nucleic acid strands (e.g., Carmichael and McMaster, Methods of 

60 Enzymology , (1980) 65:380391). 

The eluted labeled nucleic acid may th n be detect d in acc rdance with c nventlonal techniques. 
Alternatively, the eluted labeled nucleic acid will b subjected to sizing bef re final detection. This sizing step 
n t only yields sp cific and important Inf rmati n about the fragments of Interest but it als provides yet 
another I vel of discrimination against n n-speciflc or partially h m I gous label dnucl ic acid that has b en 
65 luted from th support. Sizing may be performed by electrophoresis, gradient density centrifugation, liquid 
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chromatography, r the like. The presence of the label allows for detection of the band(s) and standards may 
be employed f r size comparison. It may be desirable to carry out th size separation where the nucleic acid is 
in a denatured stat , where such denaturation is achieved by pM, glyoxai or similar derivatizing treatments, use 
of strong hydrogen bonding agents, or th like. C nvenientiy, the standards may be labeled with a contrasting 
label, f r example a dy orfluor seer providing for a signal at a different wavelength fr m the signal obtained 5 
with the labeled sample. In this way, the comparison is simplified and the relationship between the standard 
and sample are readily determinable. An instrument such as a densitometer or gel scanner or an automated 
fluorescent gel electrophoresis scanner apparatus such as the ABI Model 370, Applied Biosystems Inc., 
Foster City, CA, may be employed to measure band Intensities and posi tions. Alternatively, the image may be 
recorded photographically with the appropriate stains. w 

It may be noted here that the procedures described above can yield all the information normally acquired 
from a Southern blot or other similar technique that involves size separation, transfer, and subsequent 
probing. The invention aliows determination of the lengths of nucleic acid fragments to which a probe binds 
without any blotting steps, without gel manipulations, without large volumes of probe and wash solution, and 
without hybridization on a solid support (thus allowing more rapid kinetics and less opportunity for 15 
background and non-specific binding). Thus, the subject invention is much more amenable to automation than 
the conventional Southern blot procedure. 

The supernatant remaining after separation of the solid and liquid phases may be repeatedly probed with 
different probes to detect other sequences. In this manner one could detect the presence of alleles, 
pseudogenes, lesions in multicopy genes, germline rearrangements, or the like or even completely 20 
independent sequences. 

The following examples are offered by way of illustration and not by way of limitation. 

Example 1 25 

Use of a photochemical fy driven reaction to label a probe with the iigand biotin. 

1. Following the manufacturer's directions, Photoprobe® biotin (Vector Laboratories, Burlingame, CA) 
is reconstituted to a 1 mg/ml concentration in distilled water. 

2. After phenol-chloroform extraction and ethanol precipitation (see Manlatis et al ., supra ) the nucleic 30 
acid sample is dissolved in 0.1 mM EDTA to a final concentration of 1 u-g/uJ. 

3. An equal volume of the reconstituted Photoprobe® Biotin is added to the dissolved nucleic acid and 
then irradiated on ice 10cm beneath a General Electric Model # RSM, 275Watt sunlamp for 15 minutes. 

4. 0.1M Tris-HCI, pH 9.0 is then added to make a total volume of 1G0uJ. Carrier DNA, such as salmon 
sperm DNA is added, if the total amount of DNA is less than 10p,g. 35 

5. 2-Butanol (100uJ) is added, the mixture agitated mildly, centrifuged briefly and the upper phase 
discarded. This extraction is repeated a second time. 

6. 5M NaCI (0.6uJ) and 100|il of 95<Vb ethanol is added, the mixture mildly agitated, and allowed to stand 
In the dark for 1 hour to form a precipitate. The mixture is centrifuged, the resulting pellet rinsed with 7(Wb 
ethanol, residua! solvent removed in a vacuum centrifuge, and the pellet resuspended to a volume in a 40 
buffer for subsequent use of the labeled probe. 



Example 2 



45 



Use of ligation to label a probe with the Iigand biotin. 

1. Oligodeoxynucleotides with structures I and II are synthesized on an Applied Biosystem Model 381 A 
DNA synthesizer according to the manufacturer's directions. Structure I Is synthesized with C (cytosine) 
in the X positions shown. The C's are then converted to the structure of X shown by a transamination 
reaction performed as described by Draper, Nucleic Acids Research ( 1 984) 12 :988 ft. followed by reaction 50 
wtth long chain arm biotin according to the manufacturer's directions (Pierce Chemical Co., Rockford, IL). 

2. A reaction mixture is prepared by combining the following reagents: 

- 1 til of 1 pmole/uJ of pSP64 plasmid (Promega, Madison, Wl) in 10 mM Tris HCI, 1 mM EDTA, pH 8.0 (TE) 
- 1 }il of 10x Medium Salt Buffer (Manlatis etal., supra ) 

- 1 pJof 10mM ATP 55 

- 1 |il of 1 unit/pJ T4 ligase (Boehringer Mannheim, Indianapolis, IN) 

- 1 pi of biotinyiated oligodeoxynucleotide (Structure I containing 2.5 pmole in TE) 

- 1 |il of complementary oligodeoxynucleotide (Structure II containing 2.5 pmoles In TE) 

-3 pJ water 

- 1 |il of 10 units/uJ Hindlll restriction enzyme (Boehringer Mannheim, 60 
Indianapolis, IN) 

3. The mixture is incubated for 1 hour at 37° C. 

4. The reaction is st pped by adding 1 ul of 0.2M EDTA. 
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Structure I 



5' >TXXXI 1 1 1 1 1 1 1 1 1 1 1 1 AGTTATG ATGTTGT <3' 



Where X = 




H H J H 9 

N-CH 2 -CH 2 -N-<ii- ( CH 2 ) g -N-C- ( CH, ) 



2M 



NH 




JL 



H 



T 



Long chain 
arm (LCA) 



Biotin 



Structure II 



5'-AGCTACAA JATCATAACT 

This example utilizes the restriction enzyme Hindlll. It may be advantageous in some situations to use a 
restnction enzyme such as Alul that cuts more frequently so as to produce a probe consisting of shorter 
fragments which would result in more rapid hybridization kinetics. Use of a different restriction enzyme usually 
may necessitate different buffer conditions as well as the use of oligonucleotides consistent with the 
restnction recognition site of such enzyme. 



Example 3 

Use of random priming to label a probe with the ligand biotin. 

1. Random sequence hexamers are synthesized on an Applied Biosystems Model 381 A DNA 
Synthesizer according to manufacturer's directions. The hexamers are synthesized with complete 
degeneracy of all 4 bases at each position in the hexamer. The hexamers are then capped with 
Am.no-Unk® and purified according to the manufacturer (Applied Biosystems). The hexamers are then 
Sfrcta S b ' 0tin (Pi6rCe Chemica " accordln 9 to manufacturer's directions, producing 



Struct ure III 
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2. A mixture is prepared as follows: 

- 1 |il lamdba Hindlil restriction fragments at 10 ng/pJ in TE which has been boiled 10 minutes and 
quenched on ice 

- 1 .5 |il 1 :1 :1 mix of 0.5 mM dGTP, dCTP, and dTTP 

- 2.0 pJ 5x random priming buffer (Feinberg and Vogelstein, Anal. Biochem (1983) 132:6-13, and Feinberg 
and Vogelstein, Anal. Biochem (1984) 137:266-267) 

- 2.0 pi of the biotin hexamer shown in Structure II) (2.5 jxg/jxl in H2O ) 

- 2.5 pJ of 10 |xCI/|xl AT 32 ? (Dupont NEN, Wilmington, DE) 
-0.5 p.l water 

- 0.5 pJ of E. coli Polymerase I Klenow fragment, 7 units/pJ from Bethesda Research Labs 

3. Incubate 30 minutes at 37° C. 

4. Remove excess random primers and nucleotides by use of a Sephadex Q-50 BioSpin column (5 
PRIME — ► 3 PRIME, Inc., Paoli, PA) according to manufacturer's directions. 

5. An aJiquot of the purified mixture is run on an 80/0 polyacrylamide gel and autoradiographed. 
Successful random priming is observed by the presence of high molecular weight radioactive material. 



Example 4 

Use of ligation to label sample nucleic acid with fluorescent dyes. 

1. Using an Applied Biosystem Model 381 DNA synthesizer, an 18 nucleotide oligomer is synthesized 
and purified following the manufacturer's directions. The 5' end is terminated with an amino group using 
Ami no-Link® (Applied Biosystems). This amino group is coupled to fluorescein N-hydroxy succinimide, 
again according to the manufacturer's directions (Applied Biosystems). 

2. Using an Applied Biosystems Model 381 DNA synthesizer, a 20 nucleotide oligomer is synthesized 
and purified following the manufacturer's directions. The synthesized sequence is 

5' AGC TAC AAC GTC GTG ACT GG 3' 

The sequence is chosen so that the first 14 nucleotides (from the 5' end) are complementary to the 3' end 
of the fluorescein labeled 18-mer and the four nucleotides at the 3' end of the 18 mer are complementary 
to the 5' sticky end overhang generated by the restriction enzyme Hindlil. The particular sequence chosen 
will destroy the recognition sequence of Hindlil when the 18-mer/ 20-mer duplex is formed and then is 
iigated to the sticky ends of target DNA that has been cut with the Hindlil restriction enzyme. 

3. A reaction mixture is prepared by mixing the following reagents: 
- 1 ng of target DNA in 1 pJ of water 

- 0.9 |il of 1 0x Hindlil reaction buffer (BRL Gaithersberg., MD) 

- 3.0 |xi of the 18-mer in water; the number of moles should be twice that of the expected number of sticky 
ends generated when the Hindlil digests the 1 pg of target DNA. 

- 2.0 pJ of the 20-mer in water; the number of moles should be equal to that of the 18-mer. 
- 1 .0 ^ of 1 0 mM dlthiothreitol 

- 1 .0 pJ of 3 mM ribose ATP 

- 0.5 pi of Hindlil enzyme (12 units/|il) 

- 0.5 jxl of ligase enzyme (0.5 units) 

4. Incubate at 37° C for 1 hour. 

5. Add 0.5 pJ of 0.2M EDTA and 1 .0 pJ of 20 pg/pl of glycogen in water. 

6. Clean up mixture by performing two phenol/chloroform extractions. Add 10 (tl each of phenol and 
chloroform. Mix and centrifuge. Remove and discard lower phase. Repeat. (Maniatis etal., supra ). 

7. Add £ 1 pJ 3M NaAc pH 5.5 and 25 \i\ of 950/o ethanol. Mix. Let stand for 30 minutes. Centrifuge. 

8. Wash the precipitate with 500 ul of 70% ethanol. 

9. Use a vacuum centrifuge to dry sample. 

10. Resuspend in 50 ul of 10 mM Trls, 1 mM EDTA, pH 8.0. 

11. An aliquot of th reaction mixture is applied to a 0.6% agar se gel run at 3 v Its/cm in 1x TBE 
(Tris-borate EDTA) buffer f r4h urs. The fluorescent bands migrating through th gelaredet ctedbyan 
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Applied Blosystem 370A DNA sequencer adapted to read horiz ntal agarose gels. If lambda phage DNA 
Is used as target, fluorescent peaks are detected c rresonding to the 560, 2027, 2322, 4361, 6557, 9416, 
and 23,130 base pair fragments in the Hindlll cut lambda DNA. (The presence of the cos sit in lambda will 
result in ligation of th 4361 base pair fragment to th 23,130 base pairfragment) 

5 

Example 5 

Use of kinase enzyme to radioactively label sample nucleic acid. 

10 Dephosphoryiated DNA (alkaline phosphatase treated) rigorously purified by gel electrophoresis (5' ends 
1-50 pmoles) 5 uJ 10x kinase buffer 1, 50 pmoles (150 u,Ci( [y- 32 P]ATP, 10-20 units T4 polynucleotide kinase and 
water to 50 uJ are mixed and incubated at 37° C for 30 min. To the mixture is added 2 uJ of 0.5 molar EDTA and 
the mixture extracted with phenol/ chloroform, followed by DNA precipitation with ethanol. The DNA is 
redissolved in 50uJ TE and the labelled DNA separated from unincorporated [y- 32 P] ATP by G-25 spin column 

15 chromatography. (Maniatis et al ., supra ). 

Example 6 

20 Use of photobiotinylated RNA probes and radioactively labeled sample DNA to detect specific restriction 
fragments and establish their lengths. 

1 . Sample DNA consisting of lambda DNA and pGEM-3 DNA (Promega, Madison, Wl) are both cut with 
Hindlll restriction enzyme and then are labeled with 32 P as described in Example 5. 

2. Avidin-coated magnetic beads (Advanced Magnetics, Cambridge, MA) are washed three times with 
25 0.2M NaCi, .01 M Tris, .001 M EDTA, pH 8.0 and are then resuspended at a concentration of 160/o packed 

beads per 300 uJ in the washing buffer with 1 u,g/uJ dextran sulfate. 

3. An RNA transcript of pGEM-3 is prepared according to the manufacturer's directions (Promega 
Biotech) for use as the probe. The probe RNA is then labeled with biotin photochemically as described in 
Example 1 . The probe RNA is resuspended in TE at a concentration of 1 60 ng/uJ. 

30 4. The sample DNA mixture is then probed for specific pGEM-3 DNA using the biotinylated pGEM-3 

RNA probe by preparing the following mixture in a 1 .5 ml polypropylene tube: 
-74.5nlformamide 

- 8.0 |il 5M NaCI 

- 2.0 ni photobiotinylated probe RNA at a concenti atlon of 160 ng/uJ in TE - 0.5 uJ 32 p-labeled pGEM-3 
35 DNA at a concentration of 8 ng/uJ 

- 7.5 nl containing 3 ng of 32 p-labeled lambda (Hindlll cut) DNA in TE 

- 3.0 nl (1 \iq/\l\) sheared, denatured and quenched salmon sperm DNA 
4.0 hI 1 M citrate-phosphate buffer pH 6.4 0.5 hI 200 mM EDTA 

The volume is then brought to 100 hI with water. 

40 5. The mixture is then denatured by suspending the tube of mixture into a boiling water bath for 4 

minutes. 

6. The mixture is then cooled to 45°C and then held at 45° C for a 2 hour Incubation. 

7. A 25 hI aliquot of the hybridization mixture is then diluted in 1 ml of 200 mM NaCI, 10 mM Tris. 1 mM 
EDTA, pH 8.0. 

45 8. 50 hI of magnetic beads are then added, shaken gently, and allowed to Incubate for 40 minutes. 

9. Following the manufacturer's directions, the beads are separated from the solution and the 
supernatant is removed. 

10. The beads are then washed twice with 200 mM NaCI in TE buffer at room temperature to remove any 
loosely bound material by repeated resuspension, magnetic separation, and removal of supernatant. 

50 11. The beads are then resuspended in 100 hI of 200 mM NaOH to release the target DNA by denaturing 

the RNA-DNA duplex and by scission of the RNA. The released material is then precipitated by the 
addition of 1 hI of 20 \lq/\l\ glycogen plus 10 hI of 3.0 M NaAc pH 5.5 plus 250 \l\ of 95<>/o ethanol. After 
mixing, the precipitate is spun out for 10 mln. in an Eppendorf Microfuge® at maximum speed, washed 
with 500 hI of 700/0 ethanol, dried in a Savant Speed Vac®, and then the pellet is resuspended in alkaline 

55 loading buffer (Maniatis et al., supra ). 

12. The alkaline agarose gel, 0.70/0 agarose, is prepared as described by Maniatis etal., supra , p. 171 ff. 
Aliquots of the sample mixture, the supernatant, and the eluant are applied to the gel and run for 3 hours 
at 8 volts/cm. The gel is then dried and autoradiographed. In the lanes containing the sample mixture, all 
the various fragments are present. In the lanes containing the supernatant, the pGEM-3 RNA probe has 
60 been largely rem ved. In the lanes containing th eluant, the 2.9 kb pGEM-3 DNA, the fragment pulled out 

specifically by the RNA probe, is the only significant band that appears. The procedur s used thus result 
in the specific detection f the fragment c mplementary to the probe and the m asurement f the length 
ofsuchfragment(s). 

65 
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Example 7 

Use of phot biotinylated RNA probes t detect specific fragments of sample DNA that have been 
f luorescently label d by ligation. 5 

1 . A RNA probe labeled with biotin is prepared as described in Examples 1 and 6. 

2. A sample consisting of 6 femtomoles of lambda DNA and 100 att moles of pGEM-3 DNA is cut by 
Hindlll restriction enzyme and then labeled with fluorescein by ligation as described in Example 4 with 
amounts scaled as appropriate. 

3. Denaturation of sample and probe, hybridization, separation, washing, and elution are performed as 10 
described In Example 6 except as follows: All solutions contain 1% Tween 20 and 0.1 |xg/|xl dextran 
sulfate; the first two washes are done with 1M NaCI in TE buffer; three additional washes are performed 

with 0.1x SSPE prior to elution; the beads used are streptavidin-agarose from a stock containing 60% 
packed beads (Pierce Chemical); and centrifugation is used to separate the beads since they are not 
magnetic. 75 

4. An alkaline agarose gel, 0.6% agarose is prepared as described by Maniatis eta}., supra , p. 171 ff. 
Aliquots of dilutions of the sample mixture, the supernatant, and the eluant are applied to the gel and run 
for 4 hours at 3 votts/cm. The fluorescent bands migrating through the gel are detected by an Applied 
Biosystems Model 370 DNA Sequencer adapted to read horizontal agarose gels. 

5. In the lanes containing the sample mixture, all the various fragments are proportionately present. In 20 
the lanes containing the supernatant, the pGEM-3 RNA probe removes half of the pGEM-3 DNA 
corresponding to the strand complementary to the probe. In the lanes containing the eluant, the 2.9 kb 
pGEM-3 DNA, the fragment complementary to the RNA probe, is the most significant band that appears. 

The procedures thus result in the specific detection of the fragment complementary to the probe and the 
measurement of the length of such fragment(s). 25 



Example 8 

Use of DNA probe labeled with biotin by ligation to detect specific fragments of DNA that have been 30 
ftuorescently labeled by ligation. 

1. A DNA probe consisting of a pGEM-3 plasmid (Promega) is labeled with biotin by ligation as 
described in Example 2. 

2. A sample consisting of 6 femtomoles of lambda DNA and 100 attomoles of pGEM-3 DNA is cut by 
Hindlll restriction enzyme and then labeled with fluorescein by ligation as described in Example 4 with 35 
amounts scaled as appropriate. 

3. Two femtomoles of probe DNA in addition to the sample are denatured In 200 uJ of 1.5x SSPE with 
1o/o Tween 20 and 0.1 u.g/uJ of dextran sulfate at 95° C for 5 minutes followed by a 65° C hybridization for 
two hours; 20 uJ of the 50% streptavidin-agarose bead suspension are added and the mixture incubated 

at 37° C fori hour. 40 

4. Separation, washing, and elution are performed as described in Example 7. An alkaline agarose gel, 
0.6% agarose is prepared as described by Maniatis et al ., supra , p. 171 ff. Aliquots of the sample mixture, 
the supernatant, and the eluant are applied to the gel and run for 4 hours at 3 volts/cm. The fluorescent 
bands migrating through the gel are detected by an Applied Biosystems Model 370 DNA Sequencer 
adapted to read horizontal agarose gels. 45 

5. In the lanes containing the sample mixture, all the various fragments are present in appropriate 
amounts. In the lanes containing the supernatant, the pGEM-3 probe removes most of the target pGEM-3 
DNA. In the lanes containing the eluant, the pGEM-3 DNA, the fragment pulled out specifically by the 
pGEM-3 probe, is the most significant band that appears. The procedures thus result In the specific 
detection of the fragment complementary to the probe and the measurement of the length of such 50 
fragment(s). 



Example 9 



55 



Use of magnetic beads coated with streptavidln and DNA probe labeled with biotin to detect specific 
fragments of DNA that have been fluorescently labeled by ligation. 

1. A DNA probe consisting of a pSP64 plasmid (Promega) is labeled with biotin by ligation as described 
In Example 2 except that Alut restriction enzyme is used instead of Hindlll and buffer conditions are 
adjusted appropriately. TE with 1% Tween 20 is added to adjust the concentration of probe to 9 60 
femtomoles of each pSP64 plasmid fragment per 10 uJ. 

2. A sample c nsisting of 100 femtomoles of lamda DNA and 100 attomoles of pSP64 DNA is ut by 
Hindlll restriction enzyme, labeled with fluorescein by ligation as described in Example 4 (with am unts 
scaled as appropriate) and then diluted with TE containing 1 % Tween 20 to a total volume of 90 uJ. 

3. Sample and pr bear combined In a hybridization mixture as follows: 65 
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90ulofsampl fr m step 2 above 
10ulofpr befr msteplabov 
Hulofformamide 

37 |xJ of an aqueous soiutl n which is 2.0 M sodium phosphate pH 7.0, 0.1<Vb sodium lauryl sulfate and 1 
ug/60 ul dextran sulfate 

4. The hybridization mixture is incubated at 102° C for 10 minutes to denature the sample and probe and 
then allowed to incubate for 20 minutes at 65° C for hybridization to occur. The sample is then cooled to 
37° C and 20 ul of a 5 mg/ml suspension of streptavldin-coated magnetic beads (Advanced Magnetics, 
Cambridge, Ma.) are added and the mixture is allowed to Incubate for another 15 minutes at 37° C. (Beads 
are prewashed two times in 0.5x SSPE containing 10/ 0 Tween 20, 1 ug/60 ul dextran sulfate and 0 10/o 
sodium lauryl sulfate.) 

5. The magnetic beads are separated magnetically per manufacturer's directions, the supernatant is 
removed, and then the beads are washed as follows: 

5 washes of 0.5 ml each at 65°C with 1x SSPE containing 1<y 0 Tween 20, 1 ug/60 ul dextran sulfate, and 
0.1 <Wd sodium lauryl sulfate 

2 washes of 0.5 ml each at 65°C with 0.1x SSPE containing Wo Tween 20, 1 ug/60 ul dextran sulfate and 

0.10/o sodium lauryl sulfate 

1 wash of 0.5 ml at room temperature of 0.1x SSPE 

6. After the final wash solution is removed, the beads are resuspended in 6 ul of a mixture which is 100 
mM NaOH, 50/0 Rcoll, and 0.3 ug/ul of dextran sulfate. After 10 minutes, the bead suspension is directly 
loaded into the well of an alkaline agarose gel. Conditions for running the gel and detecting the bands are 
the same as in Example 8. ~ 

7. In the lane of the gel in which the beads were loaded, only the fragments of pSP64 are detected. None 
of the fragments corresponding to the lambda DNA is detected. The entire procedure thus results In the 
specific detection of only the fragments complementary in structure to the probe. 

it is evident from the above results, that the subject method provides for an accurate sensitive and rapid 
technique for detecting low levels of a nucleic acid sequence, particularly In a complex mixture. In addition, in 
many Instances, where the size of the sequence is of interest, the method allows for isolation of the labeled 
sample and determination of size. The method is extremely flexible and allows for automation, so that 
technician error can be substantially obviated. In addition, the method can be modified to vary the label and 
method of linking to the support, so that various conditions and samples may be addressed. Furthermore, the 
steps allow for substantial removal of all Interfering materials, as well as non-specific binding materials so as to 
provide for a highly accurate and sensitive assay with a high degree of reliability. 

All publications and patent applications mentioned i;. this specification are Indicative of the level of skill of 
those skilled in the art to which this invention pertains. All publications and patent applications are herein 
incorporated by reference to the same extent as If each Individual publication or patent application was 
specifically and individually indicated to be incorporated by reference. 



Claims 



1 . A method for detecting a nucleic acid sequence comprising: 
labeling nucleic acid suspected of having a sequence of interest with a label; 

combining said nucleic acid with a probe comprising a sequence capable of specifically binding to said 
sequence of interest and a coupling entity for linking to a separation means, said combining under 
conditions of predetermined stringency to form complexes between said sequence of interest and said 
complementary sequence, with the proviso that when said nucleic acid is in double stranded form, a 
nucleic acid probe is complexed with a recA protein ; 

separating said probe and complexes from non-complementary sequences with said separation means; 
releasing said labeled nucleic acid from said separation means to provide unbound labeled nucleic acid* 
and 

detecting said unbound labeled nucleic acid by means of said label. 

2. A method according to Claim 1 , including the additional step of size separating said unbound labeled 
nucleic acid which preferably employ electrophoresis. 

3. A method for detecting a nucleic acid sequence of interest in a sample comprising genomic DNA, 
according to claim 1 , said method comprising : 

fragmenting said genomic DNA to provide nucleic fragments of less than about 50kbp; 
labeling said nucleic acid fragments with a lab I; 

c mbining said nucl ic acid fragments in single stranded f rm with a probe comprising a nucleic acid 
sequence complementary t said sequence f int rest and a coupling entity for linking to particles 
capable of binding to said coupling entity, said c mbining under condlti ns of pred termlned string ncy 
tof rm duplexes b tween said sequence fint rest and said complemenentary sequence; 
s paratlng said prob and duplexes fr mn n-complem ntarysequ nces with said particles; 
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releasing said labeled nucleic acid from said separation means by chemical and/ r thermal denaturation; 
size separating said released labeled nucleic acid; and 
detecting said size-separated nucl ic acid. 

4. A method acc rding to Claim 3, wherein said size separating employs electrophoresis. 

5. A method acc rding to one of claims 3 and 4, wherein said labeling comprises ligating said DNA 
fragments with dsDNA label d molecules having a terminus complementary to a terminus of said DNA 
fragments. 

6. A method according to Claim 5, wherein said complementary terminus of said DNA fragments is 
produced by restriction enzyme digestion of a restriction site and said ligating of said complementary 
terminus results in a sequence other than the sequence cleaved by said restriction enzyme. 

7. A method according to Claim 6 , wherein said complementary terminus of said DNA fragments is 
blunt ended. 

8. A method according to Claim 5 , wherein said labeling comprises extending the chains of said DNA 
fragments with a labeled nucleotide preferably a radionuclide, fluoresce^ chemiluminescer, iigand of a 
specific binding pair or enzyme. 

9. A method according to Claim 5 , wherein said coupling entity comprises a receptor and Iigand 
combination, preferably avldin or streptavidin and biotin; antibody and hapten or antigen; complementary 
strands of nucleic acid; receptor and hormone; lectin and sugar; or chelate and ion. 

10. A kit comprising a nucleic acid sequence joined to a linking entity, a solid component capable of 
specifically binding said linking entity, reagents for labeling a nucleic acid sequence, and means for sizing 
nucleic acid fragments. 

. 11. A kit according to Claim 10, wherein said linking entity is a member of a specific binding pair, said 
solid component comprises the complementary member of said specific binding pair, said reagents 
comprise a labeled nucleotide, and said sizing means comprises an electrophoretic gel. 
12. A kit according to Claim 10, wherein said specific binding pair consists of a receptor and Iigand 
combination which consists essentially of avidin or streptavidin and biotin; antibody and hapten or 
antigen; complementary strands of nucleic acid; receptor and hormone; lectin and sugar; or chelate and 
ion. 
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